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1. Introduction.
The problem of selective reflection by helicoidal liquid crystals has been extensively studied [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [17] [18] [19] [20] , but until now there existed numerous discrepancies between the different theoretical approaches, especially in the oblique incidence case. The spiralling dielectric ellipsoid model for cholesterics is one of the basic ideas common in most of these approaches. Analytic solutions for the normal incidence case were obtained by several authors [1] [2] [3] [4] , the most illuminating one being that of De Vries [lJ, who used the two wave approximation for cholesterics. This approximation appears in the expression derived for the rotatory power, which is infinite at the centre of the reflection band. The most accurate formulation of the theory was given by Nityananda [4] . Then Parodi [5] showed that this theory could be applied also to SmC* if one uses some effective refractive index expressions. The basic result is that circularly polarized light, having the same helicity as the media, is totally reflected without change of the polarization state if the wavelength coincides with the pitch of the helicoidal structure, while the wave with opposite helicity is transmitted without any attenuation.
The oblique incidence case, on the other hand, is more complicated and there are only numerical calculations and approximate analytic solutions.
Belyakov and Dimitrienko [6, 7] have applied the many wave dynamic theory of diffraction to cholesterics and obtained approximate analytical expressions for the first and second order reflections. In the first order, one sees the existence of total reflection in a small range of incident angles where light of any polarization is totally reflected at oblique incidence, but not at normal incidence. This range is of the order of (b) -the local dielectric anisotropy -so it is difficult to observe it experimentally. The second order peak shgws a splitting into three branches, while the Toupin [8] numerical calculation shows the existence of the 1 st, 2nd and 3rd order lines in which each order consists of 3 distinct lines.
Dreher and Meier [9, 10] [12, 13] solved the infinite determinant similar to that of Dreher and Meier [9, 10] Abeles [15, 23] in the form of 2 x 2 matrix method for light propagation through isotropically stratified media. Teitler and Heneves [16] extended it for anisotropic media and it was developed, especially for liquid crystals, by Berreman and Scheffer [17] [18] [19] [20] . They wrote the characteristic matrix for one molecular layer as a series expansion in powers of its thickness, which is assumed as a small parameter so that terms with high powers were ignored. In our present work it is easily seen that this approximation, up to the lst order, is not sufficient to give the real situation and an exact computation shows some discrepancies and additional features of the reflection spectra not reported before.
Formulation of the problem.
The SmC* structure is one in which the molecules in each layer are tilted with respect to the normal by an angle 0, and this tilt direction slowly processes about a direction parallel to the layer normal resulting in a helical structure with a pitch P [21] , while in cholesterics it is P/2 and 0 = 900.
We define a local reference frame j q x, where the long molecular axis is along ox, and a reference frame xyz for the smectic layer such that z is the layer normal as shown in figure 1. The axis oç, is a twofold symmetry axis perpendicular to oz and o x. The largest principal dielectric constant s3 is taken along the molecular axis and in order that the principal dielectric tensor change not under symmetry operations, one of the other two principal axes has to be along oç and the third axis oil is chosen to be orthogonal to oç and ox.
The angle 0 is arbitrary and usually § = 0. Then, one goes from the frame (x, y, z) to (j, q, x) by the rotations 0 around oz and 0 around oç [25] , so the dielectric tensor in the xyz frame is given by where The calculation shows that Bxyz has a periodicity equal to the full pitch while in cholesterics, which is a particular case of SmC* when 0 = n/2, the period equals half the full pitch.
Maxwell equations in the 4 x 4 matrix form [16] [17] [18] [19] [20] where v is the label number of the layer so that
For our periodic inedium with I = P/h layers in one period and N periods in the whole sample, the characteristic "matrix is given by :
Berreman and Scheffer [17] [18] Figure 2 shows the reflectance spectra at normal incidence. The symbols P and S replace n and a in reference [20] In figure 11 the full pitch peak height and width dependence on tilt angle as taken from figures 6-9 are given, showing that there exists some angle where the peak height and width reach a maximum value. Then they start decreasing A similar behaviour of the full pitch dependence on the incident angle seems to exist, but since it starts splitting after some incidence angle, then the peak height and width are not well defined, so we omit such curves. We are not sure whether these angles are related to the complete reflection region for the first order in cholesterics as predicted by Dimitrienko and Belyakov [6, 7] . Let us call this angle the turning point tilt or turning point incident angle, respectively. Those angles do not depend on the outer dielectric constant so as seen in figure 11 . Furthermore we checked that the turning point tilt angle does not depend on the incidence angle, and conversely the turning point incidence angle does not depend on the tilt angle.
The energy interchange phenomenon observed in the normal incidence case is also clear in the half pitch peak (second order), and the number of oscillations increases with the tilt and incident angles. The sum spectra show that this peak is composed of two branches at small incident angles and it reaches three at larger incidence angles. The phenomenon is stronger in the case of 80 = 1.0 than that with so = 2.3. This could indicate that it originates from the effect of the reflections from the. boundarjes on the reflection peak, which are stronger for the case with so = 1.0 than with so = 2.3.
Every branch becomes narrower and the average peak height increases with increasing incident angle lp.
The width at half maximum increases with the tilt and has the same behaviour as in the normal incidence case. So does the maximum peak height, but it reaches more than 50 % -the fact which indicates that it is not circularly polarized. The centre of the peak shifts toward the long wavelength region with increasing tilt, but toward short wavelength with increasing lp.
The centre position of the full reflection peak shifts toward the short wavelength region with increasing angle of incidence, while it shifts toward long wavelength with increasing tilt angle. The former is easily interpreted according to Bragg's law of diffraction; however the latter has no simple interpretation for the moment. The series expansion approximation up to the second order of Berreman and Scheffer [20] figure 9 . We see that these reflections still exist while in Rps and Rsp we get nothing which is a known property of isotropic media.
Other interesting phenomena seen in the short wavelength range are the beat structure of Rpp and Rss spectra and the swells in Rps and Rsp. The phenomena are clearer in the spectra with so = 1.0 than that with so = 2.3. The reason is probably the difference in the subsidiary oscillations, which are stronger in the former case than in the latter. An enlarged scale for clarifying the structure of the swells and beats is given in figure 13 . plete set of reflections exists which corresponds to odd parts of the full pitch and has the same polarization properties as the full pitch band, but their width and height decrease rapidly with increasing order. A fourth order peak appears both for SmC* and cholesterics, it is stronger in Rpp and Rss than in Rps and Rsp, its height increases with 0 and T, but the centre seems to be constant.
In conclusion : the exact calculation of reflectance spectra for helicoidal liquid crystals using the 4 x 4 characteristic matrix method is necessary to obtain the real picture, especially for the oblique incidence 
